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SUMI^IAHY 

A study to evaluate the status of water quality in Balsam LaJce was 
Q'arried out during the summer of 1971. 

BalsajTi Lake lies in the Trenton Bedrock Formation which is flat limestone 
"bedT'Ock TDuried beneath a mantle of different textured materials having good 
local drainage. The shoreline is eompo'sed of a variety of top soils ranging from. 
fine Siandy to coarse gravelly lo.ams . With the exception oT' the Otonabee loam 
and the' Cr.amahe Gravel, the nature of the soil can he considered as unsuitable 
for the in:stallation of standard subsurface septic tank systems., 

A zone of rapid tera.perature decline was ap:parent liimiediate.l.y above the 
bottom. In June. .During this period., bottom, water conG'entra.ti.ons of dissolved 
oxygen were lower and carbon dioxide values were higher than in the surface 
waters, resulting from decomposition of organic matter. Distinct teiiipe.rature 
zones were not present during the summer .aod fal.l survey.s owing to wind-induced 
vertical m.i.3£lng processes. 

The low to moderately productive potential, of the lake was revealed, by 

mean values for total KJeld.alil nitrogen (0,28 mg/l) and total phosphorus 
(O'.OS'O mg/l) 5 two nutrients crltie.al for aquatic plant and algal gro'wth. 

Algal levels, as measured by chlorophyll a concentrations ., were relatively 
low during the s^ampling periods . However ^ the nutrient res'ults showed, that 
troublesome levels of .al.gae co-uld ■materialiae with the onset of suitable 
environmental conditions. 
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B^alS'^ Lake was gener^ally well vithln the 0¥BC 'baeteriologlcal, criteria 
for total body contact recreational use. However , on at least oine occasion, 
TDSCterial concentrations following a heavy rainfall, increased to leTels 
constituting a public health haiard. Consigtently high baeterlal levels, 
were observed in the Gull River downstreain; from the Police Village O'f 
■CobocO'.nk during the 1970 and 1,971 surveys. 

In view of the existing nutrient concentrations and evidence which 
Indicates that bacterial inputs of artificial origin gained access to the 
lake, the lake will receive a high priority for a Cottage Pollution Control 
S^urvey by staff of the Private Waste and Water Manageinent Branch of the 
Ministry of the Enviroraient for 1973. 



IMRODUCTION 

Maintenance of good water quality in recreational lakes in the Province 
O'f Ontario' is of vital concern to the Ontario Ministry of the Environment 
■and other governmental agencies, involved in tourism and the control an^ 
management of shoreline development of cottages and resorts. In 19'T0 
an interdepartmental program w.as established tO' survey a number of recreational 
lakes in order to detect and correct sources of water pollution and ensure 
that our' lakes vould be well m.aji,aged to protect water quality. 'The Ontario 
Department of Health, whose jurisdiction in this prograiii. was. transferred 
tO' the Ministry O'f the Environment would carry O'Ut on-shore inepectlon 
and correction of faulty private waste disposal systems.,, where.as the Ontario 
Water Resources Comnission (now within the Ministry of the Environment) 
would eval,uate the existing water quality of the respective lakes. A 
record of the present status of the private waste disposal systems and 
the lake water quality would also be docujiented for comparative us.e in 
syny future studies. 

Recreational lake's are subjected to two major types of water 'qual,ity 

Impairment; bacteri'O'l'Ogical C'Ont.and nation and excessive growths of algae 

■fljid aquatic weeds (eutrophication) „ "Hie two problems m.ay result from a 

coirai,'On source of wastes b'pt^ the conse'quenees of each are quite 'differ'snt. 

BacteriO'logical contamination by raw or inadequately treated sew^age poses 

an. iraii'e'diate public health hazard if the water is 'used for bathing. In 

O'rder for this to occur, raw or inadequately treated w^astes must gain 

entry to the lake although it may not be 'Obvi'O'US. upon visual inspection 

of the site. It mus^t be no'ted that no surface water' is cO'nsidered safe 

for human consumpti'O'n without prior treatment i'neludlng disinfection, 

'The al,g.ae and weed growths iiipair aesthetic values and recreational use 

of a lake but sel'dom pose a health hazard. There are nutrient sources 
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other than sewap-e wastes which do not. create serious ■bacterial hazards 
but do^ s.upport nuisance plant Ptrowths such as. agrleul,tural fertilizer 
lossc'S and normal nutrient runoff frora forest and field. 

In order to carry out its res.ponsi'bility O'f e¥aluatinf^ the 
status O'f water quality in recreational lakes., the Ontario Water 
Resources Co'ramission imdertoo'k a ureliininary study on Balsain Lake in 1970 
and a detailed study in the summer of ISI7I, This study included the assessment 
O'f the Lake with stress being, Tilaced on t-he hacteriologlcal and nutrient en- 
rlchraent problems. 

Phirsical,, cheraical and bioloRical surveys were condueted four times 
in 19T1. Three bacteriological surveys were alsO' conducted; a spring 
survey frora June lO to 22, a mid-summer survey from July 23 to August 2 
.and a .fall survey frora September 10 to ih inclusive.. S.,ainpllng each day 
for a minimum of five days is mandatory for a reliable assessment of 
bacteriological conditions . 

In .addition to the results obtained frO'n these studies, information 
from other povernraental, agencies has been incorporated in this report which 
is the Ontario Water Resources Coitiiilssion 's contribution to the Interdepartmental 
Task Force Report which will deal with the overall cottape pollution program 
in Ontario, 

The "Kaw.artha Lalces Water Manapeinent Study" was also initiated in 
1971 to examine the comrlex problems of eutronhication which exist in the 
.Ka.wartha Lakes, The broad objective of this study is to develop a v.ater 
man.agement pl.an to protect and develop the recreational 



potential of the watershed. Included in this study are programs 
to evaluate the trophic status of the lakes, the sources of nutriente 
to the lakes , the nutrient 'Cycling, systems vithin the laJces and the 
specific effects on the water envlro^mient of various was^tewater 
inputs. An experiment is also pl^anned to evaluate weed cropping j 
both as a method of enhancing, the recreational use of a lake mid of 
prQVidi,ng a nutrient drain that GOu,ld signific^antly reduce the quantity 
of ,nutrients available for plant growth in, the future. A,long with 
this experiment, effects of weed cropping on the sports fishery of 
a l,ak,e is "being evaluated, by fisheries biolO'gists of the 
Department of L^ands and Forests (now within the Ministry of latural 
Resources). The study is expected to^ continue for at least three 
years ^and some data from the ,first year is included in this report. 

A, .joint federal-provincial study conmiittee (COKTS) has recently 
released a report entitled "'The Rideau-Trent-Severn - Yesterday 
Today TomorTOw" which considers optim,imi recreatio,n.al, developin,ent 
of the Rideau-Trent-Severn waterway c:orridor which includes part 
of the Kawartha Lakes. Water and other envi roinment.al pollution 
problems received the hi;#iest priority in the list of recommendations 
in this report which, was. started in 19 67. Other recominendations were 
made dealing with the use of open space, historical preservatlo,n 
and interpretation, public use areas, and other topics designed, to develop 
the corridor as a recreation resource. M^any of the recommendations 
of this report have alrea'dy been implemented by various federal .and 
provincial agencies sU'Ch as. nutrient budg.et studies .and correction of in,dustrla,l 
waste discharges to the water way. 



,AEEA DES^CRIPTIOi 

GeO'graphy and Topography 

Balsam. LgOs,© is located in the Townsliips of Bexley and Fenelon, Victoria 
Co^unty, approxijiiately 29 kilometers (l8 miles) north of the Town of Lin^ds.ay. 

The lakke has a maxinmm depth of 15 meters (^■9 feet) ;and a surface 
area of '^7 s^quare kilometers (11 ,,700 acres). It has a shoreline length of 
71 kilometers {kk miles) which includes the 9 kilometer (6 'miles) shoreline 
of Q-and Island (Figure l) , 

Kie immediate watershed of the lake, excluding the waters flowi'ng into 

it from, the Giill River ,and Four Mile and Mitchell lakes,, consists of 2^+3 

square kilometers ( 59,900' acres) of land. Most of the surrounding area is 

characterized by a l0'.am type soil belonging to the DTumtner-sh allow ph^ase .and 

Otonahee .and Farmington series. The remainder of the area consists of the 

Cramah,© Gravel .and Muck series of soil. The location of these soil types 

are shown on Figure .2, The predomin.ant soil type is the Dummer-shallow 

ph.ase series. This series has a relatively thin cover O'f gravelly,, loam, 

till over limeistone bedrock although pockets of material over 30 centimeters 

(12 inches) deep freq_uen,tly occur. The soil has good drainage ^id its profile 

is typic^al of the Brown Forest soils of Ontario. A striking characteristic 

is the numerous slabs of bedrock ,Juttlng out of the soil. The Otonahee series 

is a well-drained, calcareous, s.an'dy loajTi, textured,,, glacial till, contai,nl.n,g 

a moderate aiioun.t of stone. Its profile development shows some of the 

characteristics of both the Brown Forest Great Soil Group .and of the Grey 

Brown Podzolic aoils. Th,e Parmi:ngton series is a thin, moderately stony,, 

glacial till over limestone bedrock. Generally the area has. little or .no 

overburden. The soil belonging to the Cramahe Gravel series conB.ists of 

coarse, calc.areous s.and .and gr.avel, cobbles and large boml.aers. It is very 
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stony and has good drainage. The 'Muck series is made up of organic deposits 
found in old glacial spillway channels ajid other depressional areas. This 
series has k6 centimeters (l8 inches) or more of org/anic materiial consisting 
of decomposed remains of sedg:es and trees O'Verlying a mineral soil. With 
the exception of the Otonabee series and the Cram.ahe Gravel series, the soil 
depth is less than the five feet required by the Ministry of the Environment 
for the installation of standard subsurface septic tank systems. 

Climatic Range 

The area has. a mean daily temperature of -8®C (17°F) in January and 
a m,ean daily temperature of 20i'°'C (68'^F) in Jul,y.. The mean .annual 
precipit.ation is .80 centimeters (3.2 inches) including 200' centimeters (80 
inehes ) of snow. According to meteorological reports j the area enj^oys 
about 2.^0 days yearly with no measurable precipitation. The suinmer climate 
is conducive to most recre.ational activities and the vinter with its 
abiuid.a.nce of snow, provides fo.r participation in most winter sports.. 

Water Movement 

B.alsain Lake is part of the Bay of Quinte Terminal Drainage Bas.in,. It 
is one of the Kawartha Lakes which serve as great reservoirs for the Trent 
River System. The waters of the system enter the lake from the north-west 
end of West Bay via the Trent Canal .and lea.ve thro^'Ugh its only outlet .at 
the mid-point of the lakes 's east shore (Rosedale) via the Rosedale R,iver.. 
The l.ak.e's other inflows are: the Gull River which enters .at the north-east 
tip of the lake by Coboconk, and Corhen Creek which enters the lake Just south 
of the Gull River and flows from Four Mile L.ake, Lock 35 is situated on the 
Rosedale River and is operated by the Federal Ministry of Transport Canals 
Divisio,n, Trent Canal System, It h.as a drop of 1 meter (3.5 feet). 



Bhorel ine Deve lopme n:t 

The shoreline of B^als^am L.ake is well developed with the exception of 
the west shore of the north-east bay and both sides of Dmlels Point (Figure 
l) . 'There ar'e approximate -];y 2,00'0 closeJy spaced siannier cottages, 12 privately 
owned, resorts, a trailer camp, a large public bathing ■beach and a provinciial 
park on the l^e. 

Water Usage 

The majority of cottage 'Owners and the Hamlet of Rose dale use the lake 
as their source of domestic water supply. Most residents of CohocO'nk obtain 
their water supply from private wells. Th,e l^aJte supports recreational water 
sports such as fishing, boating^ water siiing and swimming. Fishing for 
'hmBg pickerel and maskinonge is reasonably good. 

Balsam, Lake is part of the Trent Canal System .and according to the 
Department of Tourism and Information , l8,5l6 boats used the system in I969 , 
Boaters, spent an estimated $8.6 million and an .additional $3.6 million wias 
spent by the Federal Department of Transport for operation, ni,aintenance .and 
capit.al e,xpenditure , Hi us, $12.2 million w.as. injected into the econoi^' of those 
areas adjacent to the Trent Canal in 1969 . 

Presently, there are no direct discharges of was^tes into Balsaia Lake 
from munlc'ipal or industrial sew^age treatment facilities. The area residents 
are provi.ded with a ,municip.al solid waste disposal site located outside 
Coboconk on Lot 13, Concession IV, Township of Somerville. This site is 
scheduled to be .abandoned in the spring of 1972 .and a new site is being proposed. 
There is a private site .located north of Rosedale on Lot 5s Front R,ange., Township 
of So,ra.erville, which may be a potential source of pollution.. It is presently 
un,der investigation by the tfas.te M.an.agement Branch, M.inistry of the EnvirO'.nment. 



FiaD AID LABORATORY IffiTHQ'DS 

Physical t Chemical and Biological Field emd Laboratory Methods 

In selectiiig the physical, chemical, and hiologlcal, sampling sites 
on fl^alsajn Lake an endeavour was made to choose the deepest locations . As 
well J a sufficient numher of additional stations were s^ampled to represent 
adequately the entire lake ( Figure 1.,).. 

Temperatiure profiles were determined at each station using a telethemometer. 
Dissolved 03Qrgen levels were measured ■using the alkalide azlde modification 
of the Winkler method (St.andard Methods, 13th Edition). Additionally, s^amples 
for pH,, total alkalinity and free carbon dioxide were collected Im, below 
the surface and Im ahove bottom, using a Van Dorn water sampler. The total 
alkalinity and free carbon dioxide concentrations were determ,ined titrimetrically 
at the mobile l^oratory located at Trent University,, Peterborou^i- . 

At each station, two 32-ounce samples were collected using a composite 
sampler lowe,red throu^i the euphotic zone (,2x Secchl disc) or lowered to 
Im above bottom whichever w.as less.. One sample,, for chlorophyll analysis, 
was irfmiedi,ately preserved with 10 - 15 drops of 2% MgC03 suspension. Th,e 
second was divided into two sub-samples; the first sub-sample was frozen 
for phosphorus and nitrogen ajialyses,, .and the second was refrigerated and 
subsetuently an.alyzed for iron an,d hardness. In additi,on when, the euphotic zone 
.did not extend to the bottom, S'Smples were collected from Im above the 
sediment using a Yan Dorn sampler and submitted for phosphorus-, nitrogen, 
iron ajid har'dness . 

Iron was measured after the saiBple had been digested with acid to 
.dissolve all forms of iron present. 



Kjeldahl nltro'iren .aiid total phO'Sphorus were deternriiiied aft^er the 
sanple was dlptested with acid and on oxidizing a,gent to destroy organic matter. 

For chlorophyll determinations , 1 liter sajciples were filtered through 
a 1.2 'n membrane filter which was then extracted with 90^ aceto^ne for 2^4 ho^urs. 
Absorbance of the extract was determined at wavelengths from 600 to. T50 mp 
using a Unicara GPI8OO ultra violet spectrophotometer. The cone entrat ions. 
of chlorophyll _a were calculated using the equation given, by Richards and 
Thompson (1952). 

Bacteriological Field and Laborator>^' ftethods 

Five.-day lnten,5i¥e b.acteriologic.al surveys were completed on B.alsa.m 
Lake durinp June and September and an eleven day intensive survey during 
July - August, In the June .and July - August survey, '^l 3t.ations were s.arapled 
each day .at a depth of 1 meter below the surface using sterile, autoclavable , 
polycarbonate .250 ml bottles. Additional samples were collect.ed at 
Stations 9Dj l^iD and 21D (Figure l). one meter above the bottoii us,ing a 
modified "piggy back" sampler and sterile 237 ml evacuated rubber air 
syrini^es. In the September survey. Stations 5, 9, 9D', 21,, 21D an,d 31 were 
deleted. All s.amples were stored on ice and delivered to the mobile labor.atory 
within two to six hours, .and an.alyzed for tot.al coli forms, fecal coliform.s. and 
fecal streptococcus usin.^ the membrane filtration (MF) technique (Stand.ard 
Methods 13th Edition) except that m-Endo A,c^ar Less (Difco) was used for total 
coli form an,d MacConkey membrane broth (Oxoid) was used for fecal coli form 
deterininations. Tlie total coliform,s (TC), fecal coliforms (FC) and fecal 
streptocoeci (FS.) were used as "indicators''' of fecal pollution. The "indicators" 
are normal flora of the l.ar.5e intestine, and are present in l.arge numbers in the 
feces of man and aiilmals. When water is polluted with fee.al material, there 
is a notential danger that pathogens or disease causing microorganisMS 
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may also be present, 

Thie eoliform group is defined^ according to Staiidard Methods 13th 
Edition,, .as "all of the aerobic and facultative aiiaerobiCj,, gram-negative, 
non-s.poreforming rod-shaped bacteria which ferment lactose with gas fo,nn,ation 
within ^8 hours at 35°'C" .and,, or "all organisms which produce a colony 
with a golden-green iB,etallic sheen within 2k hours of incubation" using 
the 'MF technique. This, definition includes, in .addition to the intestinal 
forms of the Escherichia coli group,, closely related bacteria of the genera 
Citrobacter .and Enterobacter . Th.e Enterobacter - Citrobacter groups 
are common in soil 5 but .are also recovered in feces in :s.mall numbers and 
their preeence in w.ater may Lndicate soil runoff or., more importsuit, less 
re.cent fecal pollution since these organisms te.nd to survive ,longer in 
water than. dO' memhiers of the Escherichia group , and even tO' multiply 
when .suit.able envirO'nmental conditions exist.. .A more specific test for 
colifomis of intestinal origin is the fecal, eoliform test, with incubation 
of the orgeinisms at 1+1|..5°'C.. Tliough by no means completely selective for 
Escherichia coli „ this test has proved useful .as an indicator of recent 
f e e.al pollut i on .. 

Feeal streptococci (or enterococci) are also valuable indicators 
of recent fecal pollution. These org.anlsms are large., ovoid gr.am-positive 
bacteriaj occurring in chains.. They are normal inh.abitants of the large 
intestine of man an.d animals, .and they generally dO' not multiply outside 
the body.. In waters polluted with fecal material, fecal streptococci 
are usually found along with colifo,rm bacteria, but in sm..aller numbers., 
aJLthough. in some waters they may be found alone.. Their presence,, .along 
with coliforms, indicates that at least a portion of the colifonna' in 
the sample are of fecal origin.. 

11 



Bacteriological Statistical MethO'ds 

PluetuatiO'-fts in bacterial concentrations diie to ch,anging 
envlromiental conditions, require that a great number of saMples be 
taken to arrive at a mean value which is representative? of a specific 
sample location or sampling area. The most appropriate mean for 
bacterial levels and this type of data is the geometric iie.an, 'The 
vast quantities of bacteriological data generated from these samples 
necessitated the development of additional statistical metho^ds. to 
s'uinmarize the mean results into a more concise presentation, 'The 
statistical methods used are based on the analysis of varian,ce. The 
stations on a lake can be grouped by this method Into areas or 
groups of stations with the s^ame statistical bacterial level, 
without the bias normal-ly associated with miuaual interpretation. 

The .analysis of vari^ance is particularly effective where bacterial 
co'ncentrations vaiy sli#itly throughout the lake. Areas or stations 
with slight differences in bacterial concentration can be isolated. 
Are.as. or stations with statistically higher bacterial numbers reliably 
indicate an input* 

The results from all the analyses were organized as replicates 
representing the stations during the survey period. All data were 
trans fO'nned to logarithms (base 10) and all further an,alyses were done 
using these transformed data. A geometric me^an (the antilogarithm of 
the average of the logarithm wm calculated on each station and for eadi 
parameter. The v.alidi,ty of the .analyses of variance progf.OTa (MOVA-CRE: 
Burger J, 1972:)., was b.£tsed on the assumptions that the variances o.f all 
the stations were similar (Bartlett's test of Homogeneity) aid th.at the data 
were noni,.ally distributed. B.oth these assumptions were checked on Balsam, 
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L.^e, The Bartlett's test vas fO'imd to be non-significant .and the data followed 
a normal, distribution, so the .analysis of variance (F-test; Sok^al, I969) waS' 
calculated in all the stations.. If the F was signiflcaiit.s then the mmltiple-t 
test was used to help determine the s.t.ations which .should be deleted from 
the overall group to yield a homogeneous, group of stations. The withdrawn 
stations were regrouped with respect to geographic proximity and similar 
means... Ihe calculations on all groups were repeated using the analysis of variance 
program until each discrete group Wias homogene.ous . The hofflo.geneous groups th.at were 
geographically isolated we^re compared hy m,eans of the .Student-t test (uSiing 
the log GM .and S. E.) which indicated the statistical difference between 
these groups. The Student-t test was. .also used to compare the grouped 
bacteriological data from the three surveys.. 
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DISCUSSIOI OF HESULTS 

Teiiperature and DlsBolved Oagrgen 

On Bals^am Lake » three stations were established for measuring 
temperatuT'e and disBolved oxygen profiles (B-l, B-2 and B-3; Figure l). 

In June, a zone of rapid temperat'ure decline was app^aT'ent iimediately 
above the bottom (Figure 3a). Thermal stratification, or distinct temperature 
lonation with depth, was not observed d'uring the July, August and Septeinber 
surveys owing tO', wind-induced mixing (Figure 3b |C ^and d). Temperature 
differences between the surfaee and bottom strata were generally less than 
3%. S'urface temperatures averaged 23.ii°C, 20,i*°C, 23. ^^C and I5..50C for June, 
July, August and September respectively. Colder water temperatures observed 
during September (Figtire 3d) indicated that autumnal cooling of the lake 
vae occurring. 

Relatively homogeneous surface water conditions , with respect to 
dissolved o,xygen, were observed during the Study (Table l). However, at 
Stations B-1, and B-fi, the two deep-water stations, low ojQrgen saturations were 
evident near the bottom during the June survey. These deep-water QXfgen.. 
deficiencies resulted from, bacterial a«idatlon of organic matter, biological 
respiration .and chemical oxidation. Uniform oxygen saturations in the water 
column were apparent during July, August, and September (Figure 3B, c .and d). 
The shallow depth of Station, B-3 and the heavy aquatic ma,eropl|rte growth in the 
area were responsible for consistently high oijcygen concentrations (Table l)„ 

pHj Free Ca,rbon Dioxide, Total, Al„kallnlty,, Hardness and Conductivity 

Surface pH values in, Bals,am Lak,e were ne;ar'-n,eutral (Table ,1), .and showed, 
only minor fluctuations throughout the season. Higher values were usua.lly 
■found in the surface waters tban in, the bottom waters. For example, 
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at Station B-2 on July 21st 5 values at In, sm^ p.Jn were 7-6 .and 7-3 respeetively. 

In the s'urface waters 9 carbon dioxide cone entrat ions were low thrO'Ugliomt 
the year (Table l) . Concentrations were higher in the deeper waters than in 
the surface strata, during June at Station B-1 and during Jime „ July and August 
at Station B-2. Specifically „ on July 21 at Station B-1, values at Im .and 9.5m 
were 2.1 .and 3., 5 respectively. 'The high c.apbo.n dio.xide levels in the .deeper 
strata, as well as. the .depressed values mentioned ahove are reLated to 
conditions of o.rganic decomposition. 

Alkalinity and har'toess values for Balsajii Lake were high in June and 
gradually decreased thro.ughout the sampling season. Mean values for the 
June,, July, August and Septeaiber seunpling surveys were 50' mg/l,, k2 mg/lj 
39 mg/l and 3^ mg/l for alkalinity and 58 mg/l,, 55 mg/l, 52 mg/l an,d 
^5 mg/l fo.r hardness respectively. The seasonal ch.ange to softer water 
related prlm,.-arily to dilution from inflowing hea.dwater 8tre.ams origin.ating 
in the Hali'burton Highl.ands, a soft-water .area in the Precambrian Shield,, 
via the Crtill Hiver. 

The mean .coneentration for conductivity was 111 umhos/cmSand,, was 
consistent with the preTdouslymentio.ned so'ft-water nature of the lak;e. 

Iron 

Euphotic zone .and bottom iron concentrations were low with values 
ran;ging from 0.00 mg/l to 0.30 mg/l and from O'.OO to 0'.15 mg/l respectively. 
The low bottom water values were eviden,ce that .ajn, iron-phospho.rus recycling 
mechanism,, which recycles nutrients from the sediments for algal growth, was 
not oc.curring during the sxirvey periods, 

li.. 



'rotal K.1eld.ihl Nitrogen and Total Phosphorus 

Mean, values for total KJeldahl nitrogen (-.29 mg/l) and for total 
phO'Spliorus (0'.02'0 mg/l) were indicative of the moderately productive stattts 
of Balsam, I.ake. In general,, troublesome levels of algae dO' not appear- when 
total phosphorus conc:entrations are less than 0,0i20 mg/l, A "borderlin,e" 
mean value for total phoephorus (0.0'20^ m,g/l} indicates that troublesome 
levels of algae could materialize in the l.ake. Therefore,, eve'ry effort 
should he ,made to prevent any further inputs from municipal drainage j 
agricultural nin,off ,, inflowing streams and from malfu,nctioning or improperly 
installed domestic -waste disposal systeiig. , which will serve to accelerate 
the process of eutrophieation* 

Ch,lorop,hyll a 

Algal levels , as reflected 'by chlorophyll a concentrations , were 
relatively low during the sampling periods and ranged from 1,6 to^ 3*6 ug/l, 
Th,e seasonal mean, concentration for all stations was 2,k ng/l, Th,ese low 
alg^al levels would, not be ejcpected to red,uce water quality for recreational 
activities or diminish the aesthetic quality of the lake. However, the 
relatively high m,ean level of total phosphorus was an indication that .algal 
levels could increase to troublesome levels if other enviromieotal coindltionB 
were favour ah l.e ,. 

As indicated earlier $ chlorophyll a measures the amount of photo^synethetic 
green pigment in algae while water clarity which is one of the ntiore important 
par'Mieters used in defining water quality is dete,rmined using a Secchi disc. 
Recent,ly, ,Brown, (l9T2) has indicated that a near-hyperbolic relationship exists 
between chlorophyll a concentrations and Secchi disc readings for lakes of 
,P,recainbri.an origin,. Figure h describes the a,uthor's mathematical relationship 
between chlorophyll a and Secchi disc for 9^+5 sets of data collected from 
approximateljf sixty recreational lak,es lo^cated primarily in Southern O'nt.arlo. 
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FIGURE, 4'. SECCHI DISC METERS 

Tlhe relationship betMeein chlorophyll a_ and Secchl disc as determined from the Recreatloiia.1 Lakes 

surveyed In 1971 as well as the individual and over,all mean values O'f chloro'phyll ^ - Secchi disc 

for Balsam Lake. The values for the Great Lakes were added for comparative purposes. 



Points. 'Of entrophic lakes which are characterized by high chlorophyll a 
concentrations and poor- water clarity are situated along the vertical axis 
of the hyperbola while oligotrophic waters which have low chloro'iihyll a 
levelH and allow significant light penetration lie alone: the horizontal 
limb. Data for Tnesotrophic lakes could be dispersed about the middle 
section O'f the curve. The oligotrophic to^ early niesotrophic status of 
Balsaii Lake is indicated (Figure k) by its proximity to values computed for 
Lake Ontario and the Eastern Baiin of Lake Erie - two oligotrophic to 
mesotroplile l^akes . 

Bacteriology 

Th;e bacterial levels in. Balsam Lake fluctuated widely during the spring 
five day survey, creating technical difficulties in coutning. On June lO 
and 1^1,, the FC and FR levels were loi/ and relatively unifonn wh'ile the TC 
levels dropped from an overall mean of l6].,/l0'0 ml on June ItB tO' 23/10'0 ml on 
June 19. On June 20, the bacterial population increased so drastically that 
the majority of TC and FC plates were grossly overgrown and uncountable. 
Even though the bacterial numbers for these stations could not be 
quantitatively determined, they greatly exceeded the OmC criteria for total 
body contact recreational use (OVJHC, 19T0). The bacterial concentrations 
remained very high on June 21, and many of the plates,, especially TC , were 
overgrown (Table 9). 

By June 22, the last d,ay of the survey, the FC and FS populations had 
decreased to very low levels for most stations. The TC numbers decreased as 
well, over most of the lake to levels simil,ar to those of June l8„ except for 
the section of the lake between, the Police Village of Cobocoink and Grand Is.land 
where the recreational use criteria were still exceeded. 
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stations 1,, k, 5> 6,, T» 10', 13 ^ 1^, l6s 19, 32 and 36 showed the greatest 
increase In TC and FC levels on the last three days of the June survej (Table 
9, Figure 5). Each of these stations was located at, or dO'wn,streaii from, a 
heavily developed arem. The^ high levels at these stations on June 21 and 22 
were attributable to rainfall induced runoff. The Lindsay Cliraatologieal 
Station reeO'rded l.kQ inches of rainfall for June 20. In contrast to the rest 
of the lake, the stations in the less heavily developed South E.ay and West Bayj, 
except Stations l6 and 19, remained relatively constant for FC ,, and to a lesser 
extent, for TC and FS during this survey. 

In July, the majority of lake stations ere included in Group A (Figure 
6), with overall bacterial means of 32 TC/IO'O ml, 3 FC/lOO ml and 3 FB/100 1 
(Tattles 3,^',5). The northeast section of the Lalce' (tlroup B), immediately 
downstream from the Police Village of Cohoconk on the Gull River, had TC and 
FS levels significantly higher than. Group A (Figure 6, Tables k^ 6). 'These 
higher levels were attributed to a bacterial input from the river. 

Group C, bordered by a heavily cottaged shoreline, displayed a higher 
TC level of 12Q/100' mlj ■while Stations ikl) , 21D ,, 25 and 30 (geometric mean, 
TC levels of 57100 ml, 6/100 ml, 7/100 ml and 7/100 ml respectively) were 
significantly lower than. Group A (Figure 6). Each of these isolated stations 
was located well offshore. 

In July, Stations 8,, 9 9D and 23 and Group D,, .all with 1 FS/lOO ml, were 
signlfic.an,tly lower than Group ,A. In contrast. Group E aji,d Station 11,, near 
swamp-fed inflows, had significantly higher FS levels of 8/100 ml and 35/100^ ml 
respectively. 'These higher concentrations were attributed to rainfall induced 
runoff through the inflows (Fi,gure 6). Station l6 with 11 FS/lOO 'ml, Station 26 
with 9, F,S/100 ml and Group F, adjacent to a large fa,rm,, with 8 FS/lOO ml were 

also higher than Group A, 
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The Lindsay Climatological Statloin recorded a total of I.I48 inches of 
rain dmring the Juile survey period and 1.55 inches during the July survey. In 
contr.as.t to the J'une survey, in which the "bacterial population fluctuated 
widely following the rainfall, no noticeable fluctuations were observed in 
July. It follows that rainfall al,one is not the sole cause of increased 
hacterial levels. Given saturated soil conditions Bs was probable in June, 
rain would cause more runoff than,, if the ,soll was drier .as it normally is in 
mid-suimner . 

In the September survey, the m,aj'0'rity of lake stations were included 
in Group A (Figure 7, Tables 3, h, 5) with overall bacterial geometric 
•means of 30 TC/lOO' ml, 2 FC/10'0 ml and 2 FS/lOO' ml. Group B (Stations 
6 and l+l) was signific.antly higher thmi Group A with 20 FS/lOG ml. Station 
ill with 15^4 T'C/100 iTil'ajrid Station 6 with significajitly higher ba,cterial 
conee,ntratio,ns of 3^^ TC/lQiO' m,l and 31 FC/lOO' ml,, were indicating a, 
bacterial input from the Village of Coboconk (Figure T) • 

Group D with 18 F'S/lOO ml w,as influenced from the swamp- fed inflow of the 
S'taples River. Station I8, within Group D, adjacent to a heavi,ly cotta^ed 
area, also had a hi^ier FC level of 11/100' ml. 

'Pile TC, FC, ;and FS levels re,m,ained uniform,ly l^ow during the July and 
September Bals^aan Lake surveys. Both surveys demons tr,ated bacterial 
inputs from the Gull ,and Staples rivers ,. The July ,and September surveys 
were not compared statistically to the June survey,, since the June survey 
data was not analyzed by the analysis of variance program. finals am Lake 
in, June appeared to be vei^' susceptible to bacterial, contarainated riuj,o,ff' 
with fluctuating bacterial populations resulting in a short-term public health 
haz,ard, 
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Bals^am Lake was surveyed twice in 1970 and the data was compared to the 
19T1 data. The statio'n lO'Cations in the 1970 surveys were identical to those 
O'f 1971 except for the addition of Stations 36 to ^1, in 1971. 

Briefly 5 in. the 1970 June survey, all stations were included in Group A 
with 7 TC/lOO ml, 2 FC7100 ml and 3 FB/10€ ml (Figure 8) except Station 6, 
downstreajii from Coboconk , had higher TC and FC levels and the mid-laJte Stations 
9 and 21 which had lower T€ and FC levels than rrroup A (Tables 6, T, 8). 

During the August 1970' survey, the entire lake was homo^geneous (Group A) 
with haeterial levels of l,8lO TC7100 ml, k6 FC/lOO ml md 3 FS/lOO ■ml. 
(Figure 9, Tables 6, 7, 0). 

The TC and FC densities in August (1970) were sl,RMlf leant ly hif^her than 
in June while the FS levels were unifoTmly low in both surveys. Thiis , the 
increased levels were attributed to domestic rather th.an, natural pollution 
(Geldreich, 1963),, 

The five surveys completed on Balsam Lake in 1970 and 1971 demonstrated 
wide fluctuations in TC and FC concentrations.. In contrast, the FS levels in 
all surveys remained very low. 

Th,e two June surveys t»resented very different pictures of the laJie. The 
1970 .June survey showed B'.alsam Lake tO' be bacterioloRically .acceptable, while 
the 1971 survey followin/^ heavy rainfall showed .a -lake which exceeded the 
OWRC criteria for recreational use. 
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Th,e 19T'0'August e-urvey had much higher TC and FC levels than the 1971 
July survey. The high levels in the August, 1970 survey were attributed to 
domestic pollution input during peak recreational use of the lake,, 

All iurface water, especially that drawn from the region downstreaji 
from the Police Village of C'oboconk must receive prior treatment , including 
diginfections 'before being considered potable. 

Cons.istently high hacteriaJ. levels were ohserved in the Gull River 
downstre^am from, the Plice Village of CobO'Conk dua*lng the 1970 and 1971 surveys. 

As a result of the findings , the Private Waste and Water Management. 
Branch will he giving high priority to a Cottage Pollution Control Survey 
in this; area in 1973. 

Although B'.alsara Lake was generally within the Oi'WRC recreational use 
'Criteria s, all surface water mtist receive prior treatment including disinfection 
before being considered potable. 
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Table 1: Dissolved oxygen (percent saturation) pH, free CO2 (mg/1) , alkalinity (mg/l) and conductivity 
(jimhos/cm^) ranges at three sampling stations in Balsam Lake during the summer of 1971, 
Samples were secured from one meter of depth and one meter off the bottom. 





STATION 


SAMPLE 


TEMP. 




D.O. 


pH 




CO2 




ALKALINITY 


CONDUCTIVITY 
(umbos/ cm ) 






DEPTH 


( °c.) 




(% Sat.) 






(mg/1 ) 




(mg/1) 






B - 1 


Im 


15.4 - 


24. 1 


93 - 98 


7.0 


- 7.4 


1.9 - 


3.0 


22.5 - 


40.3 


65 - 115 






bottom 


15.3 - 


21.8 


57 - 97 


6.9 


- 7.2 


2.6 - 


6.3 


12.2 - 


45.5 


86 - 215 




B - 2 


Im 


15.9 - 


23.0 


93 - 98 


7.4 


- 7.6 


2.1 - 


3.5 


29.5 - 


52.0 


110 - 180 






bottom 


15.7 - 


21.1 


50 - 92 


7.1 


- 7.4 


3.3 - 


7.9 


39.5 - 


55.0 


124 - 170 




B - 3 


Im 


15.1 - 


24.0 


91 - 97 


7.4 


- 7.5 


2.3 - 


4.1 


39.5 - 


54.5 


100 - 155 


SO 




bottom 


15.1 - 


22.0 


80 - 100 


7.3 


- 7.7 


2.5 - 


3.6 


39.5 - 


53.5 


104 - 160 



.1 



Table 2: Hardness (mg/1) , iron (mg/l) , total Kjeldahl nitrogen (mg/1) , total phosphorus (mg/l P) , chlorophyll 
a (ug/1) and Secchi disc (m) ranges at three locations in Balsam Lake during the sunnner of 1971. 
Samples were secured from one (1) meter of depth and one (1) meter off the bottom. 



STATION 



SAMPLE 
DEPTH 



HARDNESS 
(mg/l) 



Fe 

(tng/1) 



TKN 
mg N/1 



TOTAL P. 
(mg P/1) 



CHLORO A 
(Ug/1) 



SECCHI 
DISC m 



B - 1 



B - 2 



B - 3 



composite 
bottom 


34 - 
36* 


48 


0.00-0.05 
0.05 


0.14-0.35 
0.25 


.013-. 017 
.002 


composite 
bottom 


52 - 
52 - 


60 
62 


0.00-0.30 
0.00-0.15 


0.11-0.32 
0.21-0.70 


.014-. 018 
.024-. 036 


composite 
bottom 


52 - 


62 


0.00-0.05 


0.13-0.41 


.014-. 032 



1.6 - 2.9 



1.8 - 3.6 



2.0 - 2.9 



3.3 - 4.2 



3.6 - 4.1 



3.0 - 4.4 



O 



* Note: Only one (1) sample was taken at one (1) meter off bottom at Station B-1. 



EXPLANATION OF TERMS IN BACTERIOLOGICAL TABLES 



F - the calculated analysis of variance statistic 

on F ratio. 

df - degrees of freedom of the F ratio for "between group" 

and "within group" variation. 

F(5%) - the F ratio from a statistics table (Rohlf 1969). 

If the calculated F is greater than the F(5%) , a 
significant difference (SD) occurred between the 
groups in the analysis. If the F is less than F(5%) , 
no significant difference (NSD) occurred, 

log GM - the logarithm (base 10) of the geometric mean. 

S.E. - the standard error of the log GM where 

S.E. = s and s = standard deviation 



N - the number of values in the mean. 

GM - the geometric mean of the bacterial level. 

t - the calculated test of significance or student t-test 

used to compare stations, groups and a survey. 

If t for the number of degrees of freedom shown is 
greater than the critical t value, a significant 
difference (SD) occurs. 

SD refers to a significant difference at the .05 level 
but no significant difference at the .01 level. 

SD* refers to a significant difference at the .01 level 
but no significant difference at the .001 level. 

SD** refers to a significant difference at the .001 level. 
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Table 3 

Summary of Analysis of Variance Grouping of Stations 

Parameter - Total Coliform (TC)/100 ml 

SURVEY July 23 - Au^. 2 Sept. 10 - lU 

GROUP All Stations All Stations 

F 2.i+58 1.511 

df li3, 336 37, 132 

F(.05) 1.^39 1.512 

SD NSD 



GROUP 



P 
df 
F(.05) 

log GM 
SE 
N 
GM 



GROUP B 

(stations 6, ^l) 

F t = .662 

df 16 

F(.05) t(.05) = 2.12 

NSD 

log GM 2.175 

SE .1585 
I^ 18 

GM 150 



All Stations except 


All stations exce 


1, 2, 6, 25, 30, Ul, 


6 


liiD, 21D 




1.396 


1.257 


35, 276 


36, 129 


1.U6 


1.37 


NSD 


NSD 


1.5109 


l.kjk 


.Okk^ 


.0518 


312 


166 


32 


30 
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Table 3 (Contd) 



SURVEY 
GROUP 



F 
df 
F(.05) 

lof^ GM 
SE 

H 
GM 



July 23 - Auf;. 2 



(stations 1, 2) 

t = .1727 

17 
t(.05) = 2.11 

NSD 

2.1089 

.1552 

19 

129 



SeDt. 10 - Ik 
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Table h 

Summary of Analysis of Variance Groupin^r of Stations 

Parameter - Fecal Coliform (FC)/100 ml 



SURVl^Y 

GROUP 

F 
df 

F(.or?) 



July 23 - Aug. 2 

All Stations 

1.290 
U3, 385 
l,h3b 
NSD 



Sept. 10 - IJ4 

All Stations 

1.T2T 
37, 137 
1.510 
SD 



GROUP 



F 
df 
F(.05) 

log GM 
SE 
N 
GM 



A 
(All stations! 



.517b 
.0315 

3 



A 
(All stations except 
6, 18) 

.87b9 

3S, 130 

1.50 

NSD 

.2813 

.0398 

166 
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Table 5 

Summary of Analysis of Variance Grouping of Stations 

Paran^ter - FecaJ. Streptococcus (FS)/100 ml 



SURVEY 
GROUP 



July 23 - Aug. 2 
All Stations 



Sept. 10 - 11+ 
All Stations 



F 
df 
F(.05) 



k.363 
1+3, 386 
l.i+36 
SD 



3.998 
37, 136 
1.510 
SD 



GROUP 



F 
df 
F(.05) 

log GM 

SE 

N 

GM 



All Stations except 
6, 8, 9, 11, 16, 18, 
19, 23, 25, 26, 30 - 3I4, 
Ul, 9D 

I.595I+ 
26, 233 
1.61 
NSD 
.1+69 
.031+3 
260 
3 



All Stations except 
6, 1I+, 15, 16, 18, 
19, 22, 1+1 



1.51*31+ 
29, 106 
1.55 
NSD 
. 3181 
.0377 
136 
2 



GROUP 



F 
df 
F(.05) 

log GM 
SE 

II 
GM 



B 

(stations 6, 1+1) 

t = .8600 

18 
t(.05) = 2.101 

NSD 
1.229 

.161+ 
20 
17 



(stations 6, 1+1) 

t =.6957 

6 
t(.05) = 2.U1+7 

NSD 

1.2Q67 

.1080 

8 

20 



35 



Table 5 (Cont'd) 



SURVEY 
GROUP 



July 23 - Aug. 2 

D 
(stations 30 - 32) 



Sept. 10 - Ik 

C 
(stations 15, l6) 



F 
df 
F(.05) 

log GM 
SE 

N 
GM 



.136 
2, 23 

U.28 

NSD 

.058 

.033 

26 

1 



t = .0679 

8 

t(.05) = 2.306 

NSD 

.96UO 

.2058 

10 

9 



GROUP 



F 
df 
F(.05) 

log GM 
SE 

N 
GM 



E 



(stations 18, 19) 

t = .2Q68 

18 

t(.05) = 2.101 

NSD 

.880I4 

.206 

20 

8 



(e 


stations 


18, 19) 


t 


8 




t( 


.05) = 2.306 




NSD 




1. 


2592 

1T27 

10 

18 





GROUP 



F 
df 
F(.05) 

lo/T GM 
SE 
N 
GM 



(stations 33, 3^) 

t = .1767 

19 
t(.05) = 2.09 
NSD 
.901 
.1367 
21 
8 
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Table 6 

Summary of Analysis of Variance Grouping of Stations 

Parameter - Total Coliforra (TC)/100 ml 



SURVEY 

PROUP 

F 
df 
F(.05) 



June 8-12 

All Stations 

2.670 
32, 132 
1.5^+1 
SD 



Aug. IT - 21 

All Stations 

.TT3 
3^, 109 
1.5^5 
NSD 



GROUP 



F 
df 
F(.05) 

log GM 

SE 

N 

GM 



A 



All stations except 
6, 9, 21 

1.562 
29-, 120 
1.5T0 
NSD 
.8592 
.0U09 
150 
T 



All stations 



3.2578 
.0520 

1810 
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Table 7 

Summary of Analysis of Variance Grouping of Stations 

Parameter - Fecal Coliform (FC)/100 ml 



SURVEY 
GROUP 



June 8-12 
All Stations 



August IT - 21 
All Stations 



F 
df 
F(.05: 



2.0i+3 
32, 132 
1.5^^1 
SD 



.823 
3i*, 113 
1.5^^2 

NSD 



GROUP 



F 
df 
F(.0!?) 

log GH 
SK 

N 
GM 



All stations except 6 

1.2i+T 
31, 128 
1.550 
NSD 
.3^0^+ 
.0353 
160 
2 



All stations 



1.6609 

.0597 

1U8 

k6 
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Table 8 

Summary of Analysis of Variance Grouping of Stations 

Parameter - Fecal Streptococcus (FS)/100 ml 



SURVEY 
GROUP 



June 8-12 
All Stations 



August 17-21 
All Stations 



F 
df 
F(.05) 



2.1T5 
19- 80 
1.723 
SD 



.777 
3^1, 125 
1.533 

NSD 



GROUP 



F 
df 
F(.05) 

lofT GM 
SE 

W 
GM 



All stations except 
9, 19, 21 

l.i+53 
16, 68 
1.800 
NSD 
.1+518 
.0582 
85 
3 



All Stations 



.I4529 

.01+12 

160 

3 
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Table 9 

Summary of TC and FC Bacterial Levels in Excess of Criteria for Individual 
Determination, Jime 20-22, 1971 



Parameter 



S tation _ Junj_ „ _ 
20 21 '22 



St at io n Jime 

20 21 "22 



Station June 

20 21 22 



TC 
FC 



XXX 
X 



15 



X X 



?0 X 

X 



TC 
FC 



X X 



16 



X X 

X 



31 



TC 
FC 



IT 



X X 

X 



TC 

FC 



X X 

X 



18 



X X 



33 



X X 



TC 
FC 



X X 



19 



X X o 
X o 



3^^ 



XXX 



TC 

FC 



X X 

X 



20 



X X 



35 



XXX 



TC 
FC 

TC 
FC 



21 



21D 



X X 



36 XXX 

X 

37 X X 

X 



TC 
FC 



X X o 



38 X X 



TC 
FC 



9D 



23 X X 



39 



X X 



TC 
FC 

TC 
FC 

TC 

FC 

TC 
FC 

TC 

FC 

TC 
FC 



10 


X 


X 


2U 











11 


X 


X 


25 


12 


X 


X 


26 


13 


X 
X 


X 


27 


Ik 


X 


X 


26 




X 






1I4D 






20 



X o 



X o 



ko 



Ul 



X X 



XXX 



LEGEND 

-PC - X - 2i;00/100 ml 

o - 1000 & 2UOO 



FC - X - 
o - 



200/100 ml 
100/100 ml and 
200/100 ml 
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GLOSSARY OF TERMS 



ALKALINITY 



ANOXIC 

BACKGROUND COLONIES 



CHLORIDE 



CHLOROPHYLL a 
CONDUCTIVITY 



DIATOMS 



EPILIMNION 



EUPHOTIC ZONE 



EUTROPHIC 



:The alkalinity of a water sample is a measure 
of its capacity to neutralize acids. This 
capacity is due to carbonate, bicarbonate and 
hydrozide ions and is arbitrarily expressed as 
if all of the neutralizing capacity was due to 
calcium carbonate alone. 

:Refers to conditions when no oxygen is present. 

: Background colonies are other lake water bacteria 
capable of growing on the total coliform plate, 
in spite of the inherent restrictive conditions. 

: Chloride is simply a measure of the chloride 
ion concentration and is not a measure of 
chlorination. 

:A green pigment in plants. 

: Conductivity is a measure of the waters ability 
to conduct an electric current and is due to the 
presence of dissolved salts. 

:Unicellu]ar plants found on all continents and in 
all types of water where light and nutrients are 
sufficient to support photosynthesis, lliey are 
comprised of two siliceous frustules (cell walls) 
which have an outer valve (epitheca) fitting 
over the inner valve (hypotheca) like the lid on 
a box. The siliceous deposits comprising the 
frustules vary in regular patterns according to 
the individual species. 

:Is the thermally uniform layer of a lake lying 
above the thermocline. Diagram I. 

:The lighted region that extends vertically from 
the water surface to the level at which photo- 
synthesis fails to occur due to insufficient 
light penetration. 

rWaters containing advanced nutrient enrichment 
and characterized by a high rate of organic 

production. 
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EUTROPHICATION 



FECAL COLIFORMS (FC) 



FECAL STREPTOCOCCUS (FS) 



HARDNESS 



HYPOLIMNION 



KJELDAHL NITROGEN 



MESOTROPHIC 



METAL IMN ION 
OLIGOTROPHIC 



pH 



PHOSPHORUS (TOTAL) 



:The process of becoming increasingly enriched 
In nutrients. It refers to the entire complex 
of changes which accompanies increasing nutrient 
enrichment. The result is the increased production 
of dense biological growths such as algae and 
aquatic weeds which generally degrade water quality 
and render the lake unsuitable for many 
recreational activities. 

: Fecal coliforms are bacteria associated with 
recent fecal pollution from man and animals. 

:Fecal streptococcus are bacteria associated with 
fecal pollution from animals and to a lesser 
extent man. 

: Hardness of water is a measure of the total con- 
centration of calcium and magnesium ions expressed 
as if all of the ions were calcium carbonate. 

:The uniformly cold and deep layer of a lake lying 
below the thermocline, when the lake is thermally 
stratified. Diagram //I 

:Sura of nitrogen present in the ammonia and organic 
forms (it does not include nitrite or nitrate). 

rWaters characterized by a moderate nutrient supply 
and organic production (i.e. midway between 
eutrophic and oligotrophic) . 

:See thermocline. 

:Waters containing a small nutrient supply and 
consequently characterized by a low rate of 
organic production. 

:1s the measure of the hydrogen ion concentration 
expressed as the negative logarithm of the molar 
concentration. 

:Sum of all forms of phosphorus present in the 
sample. 
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SECCHI DISC sA circular metal plate, 20 centimeters in 

diameter, the upper surface of which is 
divided into four equal quadrants. Two 
quadrants directly opposite each other aie 
painted black and the intervening ones white. 
The secchi disc is used to estimate the 
turbidity of the lake water. 

THERMAL STRATIFICATION -.During the spring, vertical temperatures 

in a lake are homogeneous from top to bottom. 
As summer advances, the surface waters become 
warmer and less dense than the underlying 
cooler waters. A strong thermal gradient 
(Thermocline) occurs giving rise to three 
distinct water layers. The variation in 
density between layers retards mixing by 
wind action and water currents. Diagram #1. 



THERMOCLINE 
(metalimnion) 



:The layer of water located between the 
epiliranion and hypollmnion in which the 
temperature exhibits a decline equal to or 
exceeding 1 C increase per meter. 



LAKE 



SURFACE 



Diagram #1 




TOTAL COLIFORMS (TC) 



TROPHIC STATUS 



:Total conforms are bacteria commonly 
associated with fecal pollution but may 
also be present naturally in the emvironment 

: Depending upon the degree of nutrient 
enrichment and resulting biological 
productivity, lakes are classified into 
three intergrading types: 
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TROPHIC STATUS 

(continued) :oligo trophic, mesotrophic and eutrophic. 

If the supply of nutrients to an oligotrophic 

lake is progressively increased, the lake will 

become more mesotrophic in character and 

with continued enrichment it will become 

eutrophic . 
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